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Abstract 
There is an underestimation of the conscious and unconscious wayfinding search strategies in a virtual built environment without 
signage information. Wayfinding is the process of determining and following a path or route between an origin and destination. 
This is the base of the experiment discussed in this paper. Herein, the assignment was to find the destination and then return to 
origin in a virtual maze-like building. Subjects perform three different assignments given different locations for the destination 
and the start; each assignment was repeated two times subsequently. Each of the routes was recorded. Analysis of the recorded 
data shows a significant increasing familiarity of wayfinding. Furthermore, the increase of the number of subjects, who had  
chooses a route with minimal links for performing subsequent routes, is striking. That indicates whether or not consciously 
applying a search strategy. This paper reports about the results of analysis of familiarity and search strategies. 
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1. Introduction 
Wayfinding is an everyday activity when we go somewhere, e.g. from our home to our work, or from the train 
station to the city center, etc. When finding our way we know where we are and where we want to go to 
(destination). The destination is our goal location and various situations may occur; we visited regularly our 
destination before and, therefore know this destination; or we visited the destination before, but irregular and with 
 
 
* Corresponding author. Tel.: +31 0 40 2472262; fax: +31 0 40 2450328. 
E-mail address: J.Dijkstra@tue.nl 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
r-review under esponsibility of Department of Transport & Planning Faculty of Civil Engineering and Geosciences 
Delft University of Technology
  o  t i      ( 2014)
142   Jan Dijkstra et al. /  Transportation Research Procedia  2 ( 2014 )  141 – 148 
medium to large intervals. In the last case, we have familiarity with the environment to certain extent and should 
probably reorient using our cognitive map. If we have no idea where the destination is, we need verbal, signage 
and/or map information.  
Wayfinding is defined by Golledge (1999) as the process of determining and following a path or route between 
origin and destination.  One can assume that orientation mechanisms affect this process of determining and 
following a path; we can distinguish reorientation (to know where one is) and wayfinding (how one can get from 
here to a certain destination). Wang and Spelke (2002) distinguish three processes relevant for orientation, namely 
path integration, viewpoint-dependent place recognition and reorientation. 
Meilinger (2008) defines reorientation as trying to regain one’s position, i.e. location and heading, in relation to 
an internal and external representation of an environment. The cues for this reorientation can be divided into 
geometric layout of an environment (e.g. shape of a room) and features of a geometric layout; in order to find a 
location again, geometry is considered more important than landmarks. 
Montello (2005) pointed out that, in contrast to reorientation, path integration does not involve the recognition of 
external features such as geometry or landmarks. In path integration, sensory inputs indicating locomotion are 
integrated over time to keep track of one or more locations in the environment. Working memory is seen as 
sufficient to do that, without the need for long-term memory. Apparently, no internal or long term representation of 
an environment is needed. Path integration is more difficult during imagined movement compared to physical 
movement (Meilinger (2008)). Especially, interference could occur from a conflict between the awareness of one’s 
physical position in an environment and the discrepant position one has adopt in imagination.  
As mentioned before, orientation mechanisms include reorientation as well as wayfinding.  A wayfinding process 
encompasses route navigation, which assumes a process enabling us to reach a known location in an environmental 
space. It includes route knowledge: identification a location and from that location navigation towards a target 
location.  
What we can see from the above literature are is the importance of geometric layout features of an environment 
and the conception that working memory satisfies keeping track of locations while navigating in the environment. In 
our approach of unconscious wayfinding, this is of interest to know. Worth mentioning in this approach are notions 
about cognitive map related to working memory and virtual navigation related to location navigation. 
Tolman (1948) introduced the term “cognitive map” to illustrate the necessity of assuming a memory content in 
order to explain spatial behavior in rats and men. A cognitive map is an efficient way to represent spatial 
representations. In this context, Kaplan (1973a) distinguishes four types of knowledge in perception and thought, 
namely where one is (perceptual process), what is likely to happen next (essence of prediction), what it will be good 
or bad (payoff), and some possible courses of actions (activation). He extends the concept of cognitive maps to the 
area of environmental preference (1973b). Gunzelman (2007) provides a framework for understanding how human 
spatial abilities are applied to naturalistic spatial tasks with maps; he distinguishes the identification of a target on a 
map or within an egocentric view of a space. In his study, participants were able to tailor a general strategy to the 
requirements of particular tasks. In a neural/cognitive approach, Nadel (1990) shows, in the development of a 
relational spatial system, its susceptibility to variation as function of early experiences of each individual organism. 
It has already been common practice to conduct experiments with virtual reality (e.g. Bailenson et al. (2001) 
Stanton et al. (1996), Wilson et al. (1997)) as well as navigation through virtual environments.  In this context, 
experiments were performed on wayfinding behavior and spatial knowledge (e.g. Jansen-Osmann et al. (2007)), 
learning processes (e.g. Buchner et al. (2008)), and VR-based simulators for urban environments in applied contexts 
(e.g. Sun (2009), Ishikawa et al. ( 2006)).  
In this paper, the term ”egress” refers to a linkage between two rooms or a linkage between a corridor and room; 
it has nothing to do with an exit or egress in emergency situations. Therefore, in this paper, literature about this 
research domain (e.g. Kobes et al. (2010)) isn’t under discussion. The focus is on unconscious wayfinding in a 
virtual built environment without signage. The basis for the described experiment and the provided data is provided 
by Chen (2012). 
This paper gives in section 2 a description about the design of the experiment. Section 3 provides the approach 
about the used method and the data collection, and section 4 presents the results of the experiment. A discussion 
about the conclusions and future directions will conclude this paper. 
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2. Design of the experiment 
An experiment was designed so data can be collected to explain the potential familiarity with the unfamiliar 
environment. The experiment was carried out by using a desktop VR-based application aiming navigation through a 
virtual environment.  
The layout of the built environment will be explained as well as the perceivable information. Note that ‘egress’ 
mentioned in this paper is specified as a linkage between rooms, or a linkage between a room and a corridor, rather 
than the linkage between the built environment and the outside environment. 
2.1. Design of the virtual built environment 
For designing a maze-like built environment, we keep at the back of one’s mind that the size of the built 
environment (i.e. the number of rooms), actually determine to what extent the potential familiarity of the 
environment could reflect people’s decision in wayfinding.  If the size of the designed built environment is too big, 
subjects may find it too difficult to complete their task. Also, a larger size of the built environment indicates a higher 
complexity of the built environment and consequently more data should be collected for analysis. On the other hand, 
if the size of the designed built environment is too small, data to be collected may be insufficient for the intended 
analysis. 
Chen (2012) pointed out that for this type of experiment; a number of 18 rooms for the virtual built environment 
is plausible. We limited the size of rooms to medium (9 m * 12 m) and large (15 m * 20 m) to restrict the variety. 
Rooms are connected by doors and corridors. 
 
 
 
Fig. 1. Lay-out of the maze-like virtual built environment. 
Figure 1 shows the layout of the designed maze-like virtual built environment; the number in the middle of each 
room indicates the ‘room ID’.  Two kinds of egresses, namely door and corridor, connect these 18 rooms. In this 
figure, small ellipses are the connections of the egresses and the rooms. Each door has one connection, which links 
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two rooms. Furthermore, each corridor contains two connections that are located at each end of the corridor, and 
each connection links a room and this corridor. 
In this experiment, subjects were given three tasks in the same layout of the virtual built environment. Each task 
had a unique origin (start position; a red circle on the ground), a destination (goal position; a yellow box in the 
middle), and sometimes an object room (a green table in the middle). For each task, subjects were asked to find their 
way from origin to destination (O-D), and then return to origin (D-O). Also, each subject was asked to repeat the 
same task two or three times. Table 1 shows the tasks that were assigned to the subjects. 
      Table 1 All three tasks. 
TASK 1 
Start room 
(O) 
Destination room 
(D) 
Object room 
1 13 8 01) 
2 1 11 6 
3 2 12 15 
1)
 0 indicates: there is no object room 
 
2.2. Perceivable information 
A grey level of the egress is used to indicate the brightness of the grey egresses in the room. The grey level of an 
egress was computationally defined, ranging from 0 as brightest to 100 as darkest, indicating the brightness of the 
grey of the egress. Changing room illumination in the virtual environment would affect the grey level of the 
egresses. The higher grey level an egress was, the brighter of the egress’s grey would be (Dijkstra et al. (2012)).  
In this experiment, the grey level of the egresses was fixed at 50, and the grey level of the room was either 25 or 
75. As a result, the grey level contrast between the egresses and the rooms could be -25 or 25, indicating the 
egresses could be brighter, or darker than the background. This limits the variability so the focus is geometrical 
features and unconscious wayfinding without other environmental conditions. Figure 2 shows two designed rooms 
with grey level contrast. 
 
Fig. 2. Some shoots showing designed rooms in the experiment 
This grey level is one type of the perceivable information in each designed room. Other types of perceivable 
information are: the size of the room, and the number of egresses in the room. 
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3. Approach method  
When a subject navigates through the maze-like built environment, the subject takes a route that includes a 
number of visited rooms. The rooms are linked together; therefore one can say that this route includes a number of 
links. We assume that with an increasing familiarity with the environment, the number of visited rooms decreases 
and thus the decrease of the number of links. In this section, successively the statistical method and data collection 
will be discussed. 
3.1. Data collection from experiment 
In this experiment, 59 subjects (students from Eindhoven University of Technology and from Tongji University 
in Shanghai) took part and had performed their tasks. This group of subjects consisted of 38 males and 21 females. 
All subjects repeated each task twice and most of them repeated each task three times. Once the subject ran the VR-
application, the following introductory information popped up on the monitor screen (Chen (2012)): 
 
“You will go through three experiments in the same virtual environment. In each experiment your task is to find a 
destination (a room with a yellow box in the middle) from the start (a room with a red circle on the ground), and 
then return to the start. Each time you touch the red circle or the yellow box, you can find a short note in the left 
lower corner of the screen. You will repeat the same task three times for each experiment and try to find a route from 
the start to the destination for each experiment. You can use the mouse or arrow keys to navigate in the experiments. 
If you are unable to finish all tasks in current experiment, you can move on to the next experiment by pressing a 
corresponding number button (2 or 3). You cannot return to a previous experiment.” 
 
In conscious wayfinding, people’s egress choice depends on factors that are influenced by specific situations 
(Sagun et al. (2013)). Regarding unconscious wayfinding without signage and confounding environmental 
conditions, this number of factors is limited. 
The data collected from this experiment could be categorized into several types, such as subject’s personal 
characteristics, features of the egress in the current room. For these features, we can think of distance to egress, 
egress width, grey contrast between the rooms and the egress, position of the egress in the current room, number of 
egresses, etc.  
In this paper, the focus is on (increasing) familiarity with the environment when performing tasks. Therefore, we 
are most interested in task information, because this type of information gave the subject’s familiarity of the current 
environment and current task (Table 2).  
           Table 2. Task information. 
Feature Variable Values 
TASK Task-ID {1, 2, 3} 
ROUND Round-ID {1, 2, 3} 
RETURN Return (from destination to start) {0, 1}  
 
Task-ID showed the performed task. Round-ID showed how many times the subject had repeated the same task. 
Return indicates that the subject was on the way from the origin to destination (Return=0) or on the way from 
destination to origin (Return=1). 
3.2. Statistical method 
We have used the sign test, which is a nonparametric statistic that makes no assumption about the distribution. 
The sign test is often used when comparing paired observations. The test counts how often there is increase (+) in 
the second measurement, or decrease (-).  
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In our experiment, we count the increase of number of links (+) (plus-links) or the decrease of number of links (-) 
(min-links) between two subsequent rounds. The test statistic T is the number of min-links. The null hypotheses (H0) 
states: there is no statistic significant difference of scores of min-links between two consecutive rounds. The test 
statistic T is derived from a binomial distribution ܤሺ݊ǡ ݌ሻ  with probability ݌ ൌ ͲǤͷ , and ݊  is the number of 
observations. For example (taken from Table 3), if test statistic ܶ ൌ Ͷͳ and ݊ ൌ ͷͻ then p_value from ܤሺͷͻǡ0.5) 
results in: 
݌̴ݒ݈ܽݑ݁ ൌ ܲሺܶ ൒ ͶͳǢ ݊ ൌ ͷͻǡ ݌ ൌ ͲǤͷሻ ൌ ǤͲͲͲ͹        (1) 
This p_value is much less than 0.05, which results in rejecting H0. That means an increasing familiarity with the 
maze-like built environment. 
4. Estimation results 
From the tasks, the estimation results and corresponding significance are listed in successive tables (Tables 3-4). 
    Table 3. Estimation results of paired rounds. 
  Paired Round 1 – Round 2 Paired Round 2 – Round 3 
  To 
Destination 
From 
Destination 
To 
Destination 
From 
Destination 
 # observations 58 58 58 58 
TASK 1 
# -1 links 38 43 41 39 
# +1 links 20 15 17 19 
p-value .0064* .0001* .0007* .0033* 
 # observations 58 58 25 25 
TASK 2 
# -1 links 38 44 19 19 
# +1 links 20 14 6 6 
p-value .0064* .0000* .005* .005* 
 # observations 58 58 261) 261) 
TASK 3 
# -1 links 41 35 16   19 
# +1 links 17 23 10 7 
p-value .0007* .0305* .079** .010* 
* Significant at 0.05 
** Significant at 0.10 
1) 
 no participation of students from Tongji university 
   
 
Table 3 shows significant p-value’s, which indicates an increase of familiarity of the maze-like environment from 
round to round. This applies both to ‘O-D task’ and to ‘D-O task’. Following these results, it is interesting to 
examine the impact of  the ‘O-D task’ and ‘D-O task’ on familiarity. 
Table 4 also shows significant p-value’s. In other words, there is also an increase of familiarity in the same round 
when the task is carried out in reverse order. 
Apparently, people have already soon a sense of orientation in an unfamiliar environment that contains no further 
clues. 
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    Table 4. Estimation results of paired ‘To Destination’- ‘From Destination’ in the same round.. 
  Paired ‘To Destination’- ‘From Destination’ 
  Round 1 Round 2 Round 3 
 # observations 58 58 58 
TASK 1 
# -1 links 38 41 40 
# +1 links 20 17 18 
p-value .0064* .0007* .0016* 
 # observations 58 58 251) 
TASK 2 
# -1 links 45 46 17 
# +1 links 13 12 8 
p-value .0000* .0000* .003* 
 # observations 58 58 261) 
TASK 3 
# -1 links .36 32 41 
# +1 links 22 26 17 
p-value .0195* .0768** .023* 
* Significant at 0.05 
** Significant at 0.10 
1) 
 no participation of students from Tongji university 
5. Discussion 
In this paper, we have discussed unconscious wayfinding in a virtual environment. Thereby, the focus was on 
wayfinding navigation tasks to reach a goal in an unfamiliar environment without obvious clues., and the influence 
of repeating tasks under the same conditions on the familiarity of the environment. To this end, an experiment was 
set up to examine this influence. Subjects performed their tasks by navigating through a virtual environment provide 
by a VR-based application. Data was collected and analyzed.  From the analysis one can conclude that there is a 
growing familiarity with an unfamiliar environment that has only geometrical clues by repeating navigating tasks 
under same conditions. It seems that people are soon familiar with their environment and can orientate themselves 
quite quickly. 
In this paper, the influences of geometric visual clues are not discussed. Further exploration of geometric features, 
like distance from one’s position to an egress, number of egresses, and the angle from current position to the 
egresses, and the impact of these features on the influence of the navigation tasks is in progress. 
In further research, we will examine search strategies that subjects have used in their navigation task. Here, we 
can think of features based strategy, boundary based strategy, minimum rooms based strategy, and orientation based 
strategy. Features based strategy includes the previous mentioned geometric features, boundary based strategy 
implies the influence of boundary rooms on the search strategy, minimum rooms based has to do with a short path 
between origin and destination of the given task, and orientation based strategy has to do with one’s build-in 
“compass”: as long as one knows the orientation of the destination, one will simply choose an egress which will lead 
a closer direction orientating the destination. From the findings of the “familiarity impact”, it seems that important 
strategies are minimum rooms strategy and orientation strategy. Further analysis of the data of the experiment should 
give an answer about that. We hope to report on the results of this analysis in the near future. 
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